Background: Lysimachia paridiformis Var. Stenophylla mainly contain flavonoid constituents. Flavonoids and benzoquinones are the main
Introduction
Lysimachia paridiformis var. stenophylla (Myrsinaceae), the variety of L. paridiformis Franch, is much more widely distributed than the type variety. The whole plant was also called "Zhui Fengsan" used in Chinese folk medicine against rheumatic arthralgia, hemiparalysis, pedoinfantile convulsion and bone fracture. Phytochemical research showed that flavonoids as the main components were accumulated in L. paridiformis var. stenophylla (Li and Xiang, 2010) . L. fortumei Maxim, as an erect perennial herb distributed in Japan, Korea, southeast China and Taiwan. The whole plants have been used in Chinese folk medicine for activating blood circulation to dissipate blood stasis and dissipating dampness. Phytochemical research showed that flavonoids and benzoquinones are the main compounds (Huang et al., 2007; Fang et al., 1989) . L.
chikungensis, an endemic plant in China, is a perennial plant and is mainly distributed in rock crevices and grassy mountain slopes in Henan and Hubei Province in China, and is grown in Guizhou Province.
Extraction methods for volatiles include solvent extraction, steam distillation, pressing, chromatography, grease separation and carbon dioxide extraction. These methods generally need organic solvent and have long time for extraction (Jia et al., 1998) . Solid phase micro-extraction '(SPME) technology' is rapid and simple to extract the volatiles without organic solvent Kang et al., 2009) , and is easier to operation and lower cost than that of solvent extraction, steam distillation, pressing, chromatography, grease separation and carbon dioxide extraction methods. stenophylla, L. fortumei and L. chikungensis using head space solid phase microextraction (HS-SPME) coupled with gas chromatography-mass spectrometry (GC-MS) for the first time.
Materials and methods

Plant materials
The leaves of L. paridiformis var. stenophylla were collected in Guiyang, China, in August 2009, the leaves of L. fortumei were collected in Guiyang, China, in June 2010, and the leaves of L. chikungensis were collected in Sandu country, Guizhou, China, in July 2010. They were identified by Professor Zhiyou Guo (Qiannan Normal College for Nationalities), Professor Deyuan Chen (Guiyang College of Traditional Chinese Medicine), and Professor Zhiyou Guo, respectively. Voucher specimens were deposited in the Institute of Chinese Materia Medica, Henan University.
Volatiles preparation
Volatiles were extracted by the manual solid phase micro-extraction (SPME), instrument together with 5 mL vials and 65 μm Polydimethyl siloxane-divinyl benzene (PDMS-DVB), fiber head that purchased from Supelco Inc. Bellefonte, USA. The leaves of L.
paridiformis var. Stenophylla, L. fortumei, and L. chikungensis were rapid dehydrated with allochroic silicagel. Three pulverized samples about 0.7 g were placed in vials (5 mL), then the SPME fiber heads were exposed in the upper space of the sealed vial for 30 min at 80℃ to adsorb the analytes. And then, pull the fiber head out immediately and directly insert into to desorb for 1 min.
Determination conditions
By an Agilent 6890 N gas chromatograph equipped with HP-5 MS quartz elastic capillary column (0.25 µm × 30.0 m × 250 µm) and coupled with a 5975B mass selective detector spectrometer to analyze the volatile constituents. Determination conditions set as follows: The front inlet was kept at 250℃ in split-less mode. The temperature program was as below: the initial column temperature was 50℃, held for 1 min, and then programmed to 120℃ at a rate of 4℃. min-1 and held for 2 min; finally programmed to 230℃ at a rate of 6℃. min -1 , held at 230℃ for 5 min. As a carrier gas helium at 1.0 mL·min-1 was used. MS conditions: The MS detector was used in the EI mode with an ionization voltage of 70 eV. The ion source temperature was at 230℃. The transfer line was at 280℃.The spectra were collected at 3 scans/s over the mass rang (m/z) 30-440.
Retention indices were calculated by using the retention times of n-alkanes that were injected at the same chromatographic conditions.
The volatile constituents (Table 1) , were identified by comparison of their linear retention indices (relative to C 6-C 26 alkanes on the HP-5MS column), and mass spectral database search (Nist 08.L library). The percentage composition of the volatile was computed from the GC peak areas normalization without any corrections.
Results
The volatiles in the leaves of L. paridiformis var stenophylla, L. fortumei and L. chikungensisi are presented in Table 1 and Figure 1 , Figure 2 and Figure 3 . Twenty-nine compounds in the leaves of L. paridiformis var. stenophylla were identified (in Table 1 ), which comprised 89.17% of the total volatile fraction. The main constituents were ethanol (13.58%), linalool (8.4%), and β-ionone (8.05%). Monoterpenoids and sesquiterpenes, such as linalool and β-ionone were the main aroma constituents in L. paridiformis var. stenophylla.
Twenty-one compounds were identified from the leaves of L. fortumei (Table 1) , which comprised 94.72% of the total volatile fraction.
The main constituents were alkanes, such as tricosane (14.72%), docosane (11.02%), tetracosane (10.77%) and pentacosane (9.81%).
Thirty-two compounds were identified from the leaves of L. chikungensis (in Table 1 The common components of three plants were alkanes, alcohols, esters, ketones and aldehydes, and the contents of alkanes, alcohols and esters were the highest. Aliphatic saturated hydrocarbon was main ingredient of plant wax, it played a important role in protection of the plant, and once formed, it was no longer participate in metabolism and product of the end of metabolism (Zhou and Duan, 2005 flavus, thereby and the generation of aflatoxin. So, they could be used as food additive. In addition, the three plants contained hexadecanoic acid, ethyl ester, which could be used to synthesis reaction of flavors and perfume.
